INTRODUCTION
Brodie's abscess, a localized type of subacute or chronic osteomyelitis, may be difficult to differentiate from benign or malignant bone tumors (1) . The "penumbra sign" on an unenhanced T1-weighted image is a well-known characteristic of Brodie's abscess. It is seen on T1-weighted MR images as a rim lining the abscess cavity with a higher signal intensity than that of the main abscess. It is considered to be extremely helpful for discriminating subacute osteomyelitis from other bone lesions, although it is not pathognomonic.
We describe a case of histopathologically confirmed primary diffuse large B-cell lymphoma of the distal tibia with a positive penumbra sign on MRI. To our knowledge this is the first report of a primary bone lymphoma that shows the finding of a penumbra sign on an MRI.
CASE REPORT
A 50-year-old woman presented with a 3-month history of left ankle pain. As the pain worsened, she visited a local clinic and was treated with non-steroid anti-inflammatory drugs. But the pain did not improve. She was referred to our hospital for further investigation. Physical examination revealed tenderness and redness over the medial aspect of the left ankle with preservation of the full range of motion. She had diabetes mellitus and had received oral hypoglycemic agents for 8 years. There was no fever or other systemic complaints. Laboratory evaluation showed a normal white blood count of 6.5 × 10 3 /mm 3 and a normal C-reactive protein level of less than 0.3 mg/dL. Radiographs of the left ankle ( Fig. 1A) showed an ill-defined intramedullary osteolytic lesion involving the distal metaphysis and epiphysis of the tibia. The overlying cortex was intact, and there was no visible periosteal reaction or matrix calcification. Further evaluation using MRI demonstrated a 2.9 × 2.4 × 3.2 cm sized lesion that had a center that was isointense to skeletal muscle on T1-weighted images (Fig. 1B , E) and that showed hyperintensity on T2-weighted spectral attenuated inversion recovery (SPAIR) images (Fig. 1C ). There was a thin sclerotic rim around the center and a dot of dark signal intensity on the T1 and T2-weighted
The "penumbra sign" on an unenhanced T1-weighted image is a well-known characteristic of Brodie's abscess, and this sign is extremely helpful for discriminating subacute osteomyelitis from other bone lesions. We present a case of primary bone lymphoma of the distal tibia mimicking subacute osteomyelitis with Brodie's abscess in a 50-year-old woman. Initial radiographs and MRI showed a lesion in the distal tibia consistent with Brodie's abscess with the penumbra sign. Histopathological examination of the surgical biopsy specimen confirmed the presence of a diffuse large B-cell lymphoma involving the bone. scess. We considered giant cell in the differential diagnosis of the tumor because the lesion involved the epiphysis and metaphysis simultaneously. The possibility of a malignancy also could not be ruled out.
Index terms
The patient underwent curettage of the lesion. The curetted materials were yellow-white tissue fragments without pus. Histopathological examination of the curettage specimen showed images resembling a bony sequestrum. A small enhancing focus was seen in the center, but most of the center showed no contrast enhancement (Fig. 1D, F) . The center was surrounded by two layers of different MR signal features and an outermost halo of bone marrow edema. The inner layer demonstrated slightly higher signal intensity than the center on T1-weighted images ( Fig. 1B, E) and high signal intensity on T2-weighted SPAIR images (Fig. 1C ). It showed strong gadolinium enhancement on contrast enhanced T1-weighted images (Fig. 1D, F) . The outer layer showed hypointensity on T1-weighted images (Fig. 1B) , mixed high and low signal intensity on T2-weighted images (Fig. 1C) , and mild enhancement following contrast medium administration ( Fig. 1D, F) , consistent with reactive sclerosis and edema. There was also evidence of cortical permeation and mild active periostitis on the MRI (Fig. 1F) .
A preliminary diagnosis of subacute osteomyelitis was made because the MRI findings were most consistent with Brodie's ab- The "penumbra sign" means the inner ring of the "target" that is characteristically seen on T1-weighted MR images as a discrete peripheral zone of marginally higher signal intensity than 
